DNA from Epstein-Barr virus-transformed lymphocyte cell lines (LCLs) has proven useful for studies of genetic sequence polymorphisms. Whether LCL DNA is suitable for methylation studies is less clear. We conduct a genome-wide methylation investigation using an array set with 45 million probes to investigate the methylome of LCL DNA and technical duplicates of WB DNA from the same 10 individuals. We focus specifically on methylation sites that show variation between individuals and, therefore, are potentially useful as biomarkers. The sample correlations for the methylation variable probes ranged from 0.69 to 0.78 for the WB duplicates and from 0.27 to 0.72 for WB vs LCL. To compare the pattern of the methylation signals, we grouped adjacent probes based on their inter-correlations. These analyses showed B29 000 and B14 000 blocks in WB and LCL, respectively. Merely 31% of the methylated regions detected in WB were detectable in LCLs. Furthermore, we observed significant differences in mean difference between WB and LCL as compared with duplicates of WB (P-value ¼2.2Â10 À16 ). Our study shows that there are substantial differences in the DNA methylation patterns between LCL and WB. Thus, LCL DNA should not be used as a proxy for WB DNA in methylome-wide studies. European Journal of Human Genetics (2012) 20, 953-955; doi:10.1038/ejhg.2012 published online 29 February 2012 Keywords: DNA methylation; methylome; inter-individual variation; biomarkers
INTRODUCTION
It is common to extract DNA from Epstein-Barr virus (EBV)-transformed lymphocyte cell lines (LCLs). This provides an almost unlimited amount of DNA, which has proven very useful for studies of genetic sequence polymorphisms. [1] [2] [3] [4] Although LCL DNA has been used to investigate associations between methylation markers and phenotypes, 5 it is less clear whether it is equally suitable for methylation investigations. [6] [7] [8] A number of targeted studies indicate that EBV transformation affects the methylation pattern, 9, 10 and a recent study comparing DNA from primary B-lymphocytes and their corresponding LCLs, using 427 000 markers mainly located in CpG-rich regions, has shown that gene regulation is changed during EBV transformation. 6 Other studies using similar protocols to investigate CpG-rich regions have shown that the correlations between the methylation patterns in DNA from WB and LCL are high (r40.9). 7, 8 In this article, we focus specifically on methylation sites that show variation between individuals and, therefore, are potentially useful as biomarkers in disease studies. As such sites may not be in CpG-rich regions, 11 we use a genome-wide (tiling array) approach, which is not limited to pre-selected regions of interest. Similar approaches have been used to study the methylome of, for example, human brain samples 12 and Arabidopsis. 13 In total, we investigate 45 million probes per sample in 30 methylomes from 10 individuals. To identify the sites that reliably measure inter-individual variation in methylation in WB, we use technical duplicates of WB DNA from the 10 individuals. Next, we compare the methylation pattern from the variable methylation regions in WB DNA with LCL DNA extracted from the same individuals.
MATERIALS AND METHODS

Study sample
We obtained 10 individuals from the National Institute of Mental Health (Site 150) for whom WB DNA and LCL DNA were available. All subjects gave their informed consent. The sample consisted of five males and five females of European American descent. The participants' ages ranged from 22 to 80, with a mean age of 45.8 years and SD¼20.2. Details on DNA extraction and LCL are presented in the Supplementary Material.
DNA methylation profiling
Following the manufacturers' protocols, DNA was fragmented with MseI to a median size of 500 bp, and the methylome was enriched for using MethylMiner (Invitrogen, Carlsbad, CA, USA) and further amplified using the Sigma WGA2 kit (Sigma-Aldrich, St Louis, MO, USA). Amplified methylomes were fragmented using the Affymetrix (Santa Clara, CA, USA) 6.0 fragment reagents and labeled using the Affymetrix WT-ds DNA Terminal labeling kit followed by hybridization to the Affymetrix GeneChip Human Tiling 2.0R array set. The arrays were washed and scanned according to the manufacturers' protocol.
Data analyses
The data were background-corrected using the robust multi-array procedure, 14 followed by quantile normalization. 15 The variable methylation sites were identified by calculating the probe correlation, that is, the correlation between the technical duplicates of WB from the 10 individuals for each probe.
We used two statistical measures based on correlation to compare WB DNA with LCL DNA. The first is the calculation of the sample correlation that reflects whether the level, that is, rank, of the methylation signals remains unchanged after EBV transformation. The sample correlation is preferably calculated using only the variable methylation sites (probe correlation 40.75). However, in order to be able to compare our work with previously reported studies, we also report the sample correlation including all 45 million probes. The second statistical measure was used to investigate if the pattern of the methylation signal, regardless of its level, is conserved after the EBV transformation by creating blocks of adjacent probes based on their inter-correlations. That is, we investigate if methylation sites (probes) that are correlated in WB DNA are also correlated in LCL DNA (for details see Supplementary Material).
In addition to the measures of correlation, we also investigated the similarity between the duplicate WB samples and between each WB vs LCLs for each of the 439 K probes by calculating the mean individual difference between the sample types for a given probe. Furthermore, we are also calculating the mean difference divided by a pooled estimate of the SD (also know as Cohen's D). To investigate if the differences between WB vs LCL were equally similar as the duplicates of WB, we used a t-test.
RESULTS
Comparison of methylation levels and methylation patterns
The probe correlation from the technical duplicates indicated that 439 264 probes (439 K) showed variation in WB between individuals. The sample correlation, that is, the correlation between samples from the same individual, calculated using the 439 K probes, ranged from 0.69 to 0.78 for the duplicates of WB (mean¼0.74, SD¼0.03). In contrast, for WB vs LCL, the sample correlations were highly variable and ranged from 0.27 to 0.72 (meanr0.62) with a dramatically increased SD (SDZ0.12) as compared with WB. Sample correlation calculated using all 45 million probes (45 M) range 0.90-0.96 and did not show the difference between WB and LCL (Table 1) .
When grouping probes into blocks based on their inter-correlation with closely located variable probes (439 K), we detected B29 000 blocks in each of the WB (Table 2 ) and B14 000 blocks in LCL. These blocks, including 88 296 probes, indicate regions in the human genome where the methylation pattern appears to be different among individuals. These regions vary in length from 26 to 7905 bp, with a median size of 229-232 bp in WB and 205 bp in LCL. While the size and the distribution of the blocks are fairly similar in WB and LCL, the number of blocks differs. The lower number of blocks observed in LCLs as compared with WB indicates that less than half of the regions which show inter-individual variation in WB show a similar methylation pattern in LCL. The location of the blocks detected in the two blood samples are similar with an 89% overlap. Furthermore, B71% of the blocks detected in the LCLs overlap with the blocks detected in WB. However, as the number of blocks detected in LCL is approximately half of what is detected in WB only B31% of the methylated regions detected in WB were detectable in LCLs ( Table 2 ).
The distributions of the difference in mean between the sample combinations are plotted in Figure 1 (the distribution of Cohen's D is shown in Supplementary Figure S1 ). These figures show that the majority of probes show small differences between the technical duplicates of WB while much bigger differences are observed for the comparisons with WB vs LCL DNA. When exploring the differences in mean and the SD's in mean (Cohen's D), we noticed a significant difference (P-value ¼2.2Â10 À16 for each of the two measures of difference) between WB vs LCL as compared with the duplicates of WB.
DISCUSSION
Focusing on variable methylation sites, we show that the sample correlations between WB and LCL from the same individuals are, on average, lower and their SD is higher than what is observed between the technical duplicates of WB. In addition, fewer blocks could be constructed in LCL and a limited number of blocks detected in WB overlap in LCL. These observations suggest that both the levels of methylation and the methylation patterns are different in LCLs as compared with WB. Furthermore, we observed highly significant differences in the mean difference between WB and LCL as compared with duplicates of WB.
There are several potential reasons for the observed differences. Comparisons of primary B-cells and their corresponding LCLs, 6 and studies showing altered methylation pattern in cells that have undergone a large number of passages 7 suggest that transformation itself may affect the methylation pattern. In our case, all samples have been prepared the same way and are from a low passage number. However, even thought a high passage number is likely to have a higher effect, it is possible that the transformation itself already after one or a few passages affect the methylation pattern differently in different samples. It is also important to note that DNA from WB represents the methylation pattern from all cells present in WB while LCL DNA represents a subpopulation of B-lymphocytes only. Furthermore, differences in the hemograms as well as in the number of B-cells actually transforming, and their growth rate, could partly explain the high SD observed between LCL and WB.
As reported previously, 7, 8 the sample correlation of all probes (45 M) between DNA extracted from whole blood and LCL is high. This high correlation can be explained by that the majority of probes are in regions that are not at all methylated. Unmethylated regions will not show any variation between WB and LCL methylation signals, which would cause the sample correlation to be artificially high. For a proper comparison between WB and LCL it is, therefore, important to confine the analysis to methylated probes or, if the focus is on potential biomarkers for disease, on methylation variables sites.
In conclusion, our study shows that many samples have extensive differences in the methylation pattern between LCL and WB derived Values are given in base pairs.
Methylome-wide comparison of LCLs and WB DNA K Å berg et al from the same subjects. Thus, LCL should not be used as a proxy for WB in methylation studies. Density Figure 1 The distribution of the mean difference between the duplicates of WB DNA (top) and each of the WB samples vs LCLs (middle and bottom, respectively) are shown. Probes with complete data (no missing data) from all samples that showed inter-individuals variation are included.
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